HIGH SPATIAL RESOLUTION
COMMERCIAL IMAGERY WORKSHOP

Reston, VA

Presented by

Dennis Helder, Jason Choi

Image Processing Laboratory
Electrical Engineering Department
South Dakota State University
March 26, 2002

SOUTH DAKOTA STATE UNIVERSITY



 Results

— Panchromatic Band
 Parking Lots
 Blue Tarps (big and small)
* Big Spring, TX

— Multispectral Bands
» Blue Tarps

e Conclusions



— Edge method
— Pulse method
— Impulse method (TBD)

« Averaging techniques

— Spline method
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Fig 1. Edge analysis
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Figure 2. An example of a blurred edge Figure 3. Result of differentiation
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Figure 4. An example of least square fitting line
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Figure 6. Averaging technique
for two spline lines
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Figure 8. An example of LSF (Line Spread Function)
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Figure 11. Edge detection Figure 12. Average profile
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Figure 15. An example of resulting MTF plot.
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Figure 17. An example of impulse and the resulting PSF




— Blue tarps

* Big Spring, TX
— Dates: June 22 and Aug. 5, 2001
— Painted asphalt target



(c) July 25, 2001 (d) Aug. 13, 2001

Fig 23. Brookings parking lot 1



(a) July 3, 2001 b) July 17,2001
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Fig 24. Brookings parking lot 2



(a) July 3, 2001 (b) July 17, 2001

(c) July 25, 2001 (d) Aug. 13, 2001

Fig 25. Brookings tarp target
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(a) June 22, 2001 (b) Aug. 5, 2001

Fig 27. Big Spring painted concrete target
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Figure 29. Parking lot 1 on July 3, 2001.
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Figure 30. Parking lot 1 on July 17, 2001.
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Figure 31. Parking lot 1 on July 25, 2001.

Pixel



Average spline

Test image

DN .

STD,
SNRI=13

O Sub-pixel edge location

Least square error line

550 — - 1
500 — - -

600 |-~ - -

A

60

50

40

Pixel

Pixel

MI1F

Trimmed LSF

oN[BA PIZIBULION

el]

790 [Pix

ANJBA UOIENUII( POZI BWION

Normalized frequency

Figure 32. Parking lot 1 on Aug. 13, 2001.
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MTF plots for parking lot 1
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Figure 33. LSF plots for Parking lot 1.
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* Parking lot 2 - LSF and MTF

0.076

Value \ Date | 7/3/01 | 7/17/01| 7/25/01 | 8/13/01 | Average/ STD
FWHM 133 | 155 | 1.64 137 |[ 147 | 0.147
MTF 025 | 0.16 | 0.07 023 || 0.18 [ 0.083




Al LSF plots for parking lot 2
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Figure 41. LSF and MTF plots for parking lot 1 and 2
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Averaged Spline with data points
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Figure 51. Easting baby tarp on July 25, 2001
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MTF plots for Easting baby tarp
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Figure 53. LSF plots for Parking lot 2.
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Figure 65. Big Spring painted concrete target
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Figure 68. Big Spring Easting target on June 22, 2001.
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Figure 69. Big Spring Northing target on June 22, 2001.

Pixel



—&~ 6/22 Cubic Convolution

—#— 6/22 Nearest Neighbor
—+ 8/ 5 Bicubic

MTF plots for Easting target
Normalized frequency

onjes JIN

—— 6/22 Cubic Conv. without MTFC

—— 6/22 Nearest Neighbor
—— 8/ 5 Bicubic

—— 6/22 Cubic Convolution

LSF plots for Easting direction

~
O
en
—
av]
i
)
~
S
O
<
o
&
en
g
—
Q,
N
=
M
—
S
N
+~
©
o,
A~
>
E
<
o
N
—
A_-.
~
D)
—
)
&)
e

Nd PazijewIoN




MTF plots for Northing target

LSF plots for Northing direction
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— DJTIC ay was very reliecClive 1 a andads.

— 0.3 and 0.4 frequency points in MTF plot were
very sensitive to tarp width.
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Fig 81. Brookings tarp target
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on Aug. 13,2001
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Normalized frequency

Pixel

on Aug. 13, 2001



|
|
|
|
|
|
|
|
|
S /A S S [
- i
= |
< |
- I
% [
E] r
° ”
£ |
<
8
5 |
< |
] |
2
=)
& |
<3 |
m |
|
i
|
|
|
R —
|
|
|
———H - —F - —H-———F == —
| | | |
| | | |
| | | |
I I I I
* 2 - N <
o o o o

oN[BA PIZIBULION

Pulse response plots for tarp blue band

Nd pazijeuioN

0.5

0.45

0.4

0.3

0.25

0.2
Normalized frequency

0.15

0.1

0.05

Pixel

Figure 86. Blue band tarps target average plot with spline method



MTF plots for tarp green band

Pulse response plots for tarp green band
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Figure 87. Green band tarps target average plot with spline method



MTF plots for tarp red band
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Figure 88. Red band tarps target average plot with spline method



MTF plots for tarp red band

Pulse response plots for tarp red band
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Figure 89. NIR band tarps target average plot with spline method



Date Blue |Green| Red | NIR

5/1/00 | 0.10 | 0.18 | 0.25 | 0.17

6/30/00 | 0.29 | 0.35 | 0.36 | 0.30

Year 2000 —| Average | 0.20 | 0.27 | 0.31 ] 0.24
7/3/01 | 0.31 | 0.32 | 0.45 | 0.32

7/17/01 | 0.24 | 0.24 | 0.25 | 0.22

7/25/01 | 0.22 | 0.20 | 0.21 | 0.17

8/13/01 | 0.31 | 0.30 | 0.34 | 0.27

Year 2001 —| Average | 0.27 | 0.26 | 0.30 | 0.25




6/30/00 0.13 0.13
Year 2000 — | Average 0.17 0.13
7/3/01 0.13 0.25
7/17/01 0.08 0.16
7125/01 0.17 0.07
8/13/01 0.26 0.23
Year 2001 —| Average 0.16 0.18

‘Baby’ tarp estimate of 0.17 in the along track direction.



Dir. Target|Dir. Target
3/25/00 with 60
degree elevation 0.25 0.13
3/25/00 with 80
degree elevation 0.26 0.11
Year 2000 —| Average 0.26 0.12
6/11/2001 0.22 0.21
8/5/2001 0.24 0.19
Year 2001 = Ayerage 0.23 0.20




(a) 30” diameter (a) 18” diameter

For more information, see our poster!




"~ meeting specifications. =~

» Parking lots provide consistent target for

panchromatic band. Results converging to 0.17
MTF at Nyquist.

* Big Spring Target excellent for panchromatic band
with results closer to 0.22 MTF at Nyquist.
Higher estimate may be largely due to better SNR.

e Multispectral band characterization consistent in

the blue, acceptable in the green. MTF at Nyquist
of 0.27 indicated.



